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NOvVA: 013 Is Large, So Now What?
(ou, o que ha de novo com o NOvA?)
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0.3 is Larger Than Expected: Great News for NOvVA!

» Now that 813 ~ 9°has been measured, the prospects for NOVA to make some exciting
discoveries are very bright!

» Long-baseline vy, = ve experiments have the potential to simultaneously measure 613,
Ocp, Sign(Ams12), sign(623-45°):

° Jonathan Paley, ANL HEP Division
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vu = ve Oscillations in Long-Baseline Experiments

» Now that 813 ~ 9°has been measured, the prospects for NOVA to make some exciting
discoveries are very bright!

» Long-baseline vy, = ve experiments have the potential to simultaneously measure 613,
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The NuMI Off-Axis v Appearance (NOvA) Experlment
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The NuMI Off-AX|s Ve Appearance (NOvA) Experiment
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Distinguishing Neutrino Events in NOVA

y (cm)

-100

-150

150

100

50

y (cm)

-S0

-100

-150

hadrons

hadrons

Small shower from 2ndy

¢..‘L.. ¢l""

eV

NC 7’

Z
hadrons

200

400

1000

1200 1400
z(cm)

Jonathan Paley, ANL HEP Division




y (cm)

y (cm)

y —e'e”

y (cm)

Small shower from P

Distinguishing Neutrino Events in NOVA
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NOvVvA Measurements

P(V.) vs. P(v,) for sin®(26,.) = 1

NOVA
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» The strategy in NOvA is to
compare the oscillation
probability of v, = ve and

VH — VG.

Jonathan Paley, ANL HEP Division
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NOvVvA Measurements

1 and 2 ¢ Contours for Starred Points

NOVA

Contours 3yrvand 3yrv
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» The strategy in NOvA is to
compare the oscillation
probability of v, = ve and
Vi = Ve.

» These cases represent best-
case scenarios for
determining the mass
hierarchy after 3 years of
running each mode each.
Contours are 1- and 2-sigma
measurements.

Jonathan Paley, ANL HEP Division
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NOvVvA Measurements
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» The strategy in NOvA is to
compare the oscillation
probability of v, = ve and
Vi = Ve.

» If 023 is non-maximal, then
we also have the capability
of determining the octant;
this tells us whether or not
vy, couples more strongly to
V2 Or V3.

Jonathan Paley, ANL HEP Division



Resolution of Mass Hierarchy

NOv A hierarchy resolution, 3+3 yr (v+V)
sin’(20,,)=0.095, sin*(20,,)=1.00
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significance of hierarchy resolution (o)

Resolution of Mass Hierarchy

NOv A hierarchy resolution, 3+3 yr (v+V)
sin’(20,,)=0.095, sin*(20,,)=1.00 Includes T2K v,—v, at 5.5x10°' p.o.t.
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significance of CP violation (O)
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Measurement of CP-violation

NOvA CPv determination, 3+3 yr (V+V)
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significance of CP violation (O)

Measurement of CP-violation

NOvA CPv determination, 3+3 yr (V+V)
sin’(20,,)=0.095, sin*(20,,)=1.00 Includes T2K v ,—v, at 5.5x10°' p.o.t.
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Timeline for Actual Data

NOVA early reach
Exposure assumptions (ver: Apr 2012) 300
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» EXxpect to have 5 kton built by the
time beam returns in Spring of 2013
and we will be able to collect data as
we build.

» Far detector to be complete by April
2014.

» Near detector to be complete in
2013.
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Summary

» NOvVA will make many important contributions to neutrino physics:
» Measurement of 013

» Important first information on the neutrino mass hierarchy and CP
violating phase

» Determination of the 623 octant
» More precise measurements of Ams22 and sin2(20823)
» NOVA is under construction:

» surface prototype detector is operational, taking data, and has taught
us many lessons

» first far detector blocks will be installed and collecting cosmic ray data
this fall

» 1/3 FD expected to be complete by the time beam returns, full
detector operational a year later

» early physics results possible as early as 2014
» Additional collaborators welcome!
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Narrow-band beam, in conjunction with
topology of final state particles, allows one to
more easily reject potential backgrounds.

Jonathan Paley, ANL HEP Division



Accelerator Upgrades for NOvA (and beyond)

» Require upgrades to Fermilab’s accelerator EERMILADLS AUCHLERELOR CllldN

complex to go from 400 kW to 700 kW MA"\. INJECTOR
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The NOVA Detectors
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Far Detector

Near Detector

Tracking calorimeter:

- ~70% active

- muon energy resolution (range): few %
- Moliere radius is ~2.5 cell widths

- EM shower max at ~5 Xo

15.6 m

4 cm

Wavelength-shifting
fibers routed to a
single cell on an
\\ Avalanche
\ Photodiode (APD)
I :
j made of materials
I with greatest
/ sensitivity to green
light.

\

Alternating
planes of
orthogonal

per plane.

_# Scintillation light (mostly blue
wavelengths) emitted isotropically and
captured in wavelength shifting fibers
that convert blue light to green.

There will be ~¥360000 channels in
the NOVA Far Detector!

Jonathan Paley, ANL HEP Division



